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Abstract
We investigated the Li+ ion incorporation in Ba2GdNbO6:Eu
3+ perovskite
by atomistic simulations based on energy minimization. We predicted the
most probable sites occupied by Eu3+ and Li+ ions and the related charge-
compensation mechanisms involved into these substitutions. The results
show that the Eu3+ and Li+ ions are incorporated mainly at the Gd3+ site. In
the Li+ ion case, there is a charge compensation by Nb••Gd antisite. The crystal
field parameters and the transition levels for the Eu3+ ion in the BGN:Eu3+
were calculated with basis on the simulated local symmetry of the Eu3+ site.
The results show that the mechanism of luminescent properties enhancement
is the symmetry distortion induced by the Li+ co-doping.
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1. Introduction
The Li+ ion has been extensively introduced into different oxide hosts,
such as: Y V O4 : Eu
3+ [1], SrAl2O4 : Eu
3+ [2], Y2O3 : Eu
3+ [3, 4], Gd2O3 :
Eu3+ [5], SrZnO2 : Eu
3+ [6] and perovskite compounds [7, 8, 9] to im-
prove their luminescent properties. Usually, Li+ ions act as co-activators in
these compounds. Moreover, several studies showed that the Li+ ion addi-
tion affects positively the morphology of particles as well as the luminescent
efficiency of oxide materials. The improved luminescence intensity can be
originated from local crystal field symmetry breaking around the rare-earth
ions by the Li+ doping. Particularly, Eu3+ incorporation into Ba2GdNbO6
(BGN) matrix modifies the luminescence spectrum due to the creation of
emission centers, which generates specific red light [10]. Since Li+ ion is very
small, it can occupy any site in the BGN structure, either substitutionally ,
at the Ba2+, Gd3+ or Nb5+ sites, or interstitially. In both cases, to compen-
sate the charge, additional defects are created, which can modify the local
crystal field symmetry around the RE ions.
Recently, Liu et al [10] reported a detailed investigation about the syn-
thesis and luminescence characterization of the BGN:Eu3+,Dy3+ and Li+
co-doped BGN:Eu3+,Dy3+ samples. They observed that the co-doping en-
hances the emissions of BGN: Eu3+/Dy3+ samples and related this enhance-
ment to the charge compensation mechanism, which plays an important role
in improving the luminescence efficiency of phosphors [5, 11, 12].
In this paper we investigated the charge compensation mechanisms due to
the Li+ incorporation into BGN:Eu3+ perovskite. We identified, by atomistic
modelling and a simple overlap model, the most probable charge compensa-
tion mechanisms and the local symmetry breaking induced by Li co-doping,
which is the mechanism that enhances the luminescent properties.
2. Computational method
To model the pristine BGN crystal, a standard lattice-energy minimiza-
tion using the General Utility Lattice Program (GULP) code [13, 14, 15] was
performed. Buckingham pairwise potentials were assumed for all interionic
interactions, which were described together with the electrostatic interaction
in the form:
Uij(rij) =
ZiZje
2
rij
+ Aij exp
[
−rij
ρij
]
−
Bij
r6ij
. (1)
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In this equation, the first term describes the long-range electrostatic in-
teraction between the ions of charge Zie and Zje separated by the distance
rij; the second term models the Pauli short-range repulsion and the last
term models the van der Walls attraction. To compute the Coulomb term,
the Ewald summation [16], which is standard in GULP code, was employed.
The barium and oxygen ions were treated by the shell model [17]. In this
model is assumed that the ith ion is formed by a massless shell with charge Yi
and a core with mass mi whose charge is Zie−Yie, with Zi being the valence
of the ith ion. To obtain a finite ionic polarizability the core is connected to
the shell by a harmonic spring, whose force constant is ki. Gd
3+, Eu3+ and
Li+ ions were modeled using a rigid ion model due to theirs low polarizability.
The basic point defect energies were calculated using the Mott–Littleton
method that considers the point defect in the centre of a region, in which
all interactions immediately surrounding it (region I) are treated explicitly,
while a continuum approach is used for more distant regions from the defect
(region IIb). These two regions are connected by another one region called
IIa, in which ions are allowed to relax, but assuming that they are in harmonic
potential wells. [18]. Typical region radii of 12 A˚ (region I) and 16 A˚ (region
IIa) were adopted.
The electronic transitions of the Eu3+ ion were calculated using the mod-
ified crystal field theory based on the Judd-Ofelt theory [19, 20]. In this
theory, the energies are related to the crystal field Hamiltonian (HCF ) by:
HCK =
∑
k,q
BkqC
k
q (2)
In this equation, the Ckq parameters describe the contribution of the dopant
ion to the crystal field Hamiltonian, while the Bkq parameters describe the
corresponding contribution of the Eu3+ surrounding oxygen ions. To calcu-
late the Bkq parameters the simple overlap (SO) model [21] was employed.
The initial data used in the SO model were the dopant ion position and the
relaxed positions of the surrounding ions, which were obtained by the defect
calculations. This method was employed with success to optical transitions
for other materials [22, 23, 24].
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3. Results
3.1. Potential adopted and basic defect calculations
BGN crystallizes in a tetragonal distorted perovskite that derives from
the cubic rock salt double perovskite structure. However, as the tetragonal
distortion is small, BGN can be well described by the pseudocubic structure
[25, 26]. We assumed a previous complete set of potentials assumed to model
the pristine BGN crystal [27, 28, 29], which is listed in Table 1. This po-
tential set exhibits an excellent reliability to model the structural properties
of BGN. Besides, the dielectric properties of BGN were remarkably modeled
by this potential data, which is a necessary condition for consistent defect
calculation [30]. The good reliability of the potential set assumed can be
checked comparing the error between calculated and experimental values for
structural and dielectric properties of BGN, which are lower than 1%. Table
1 also shows the used interactions for Eu3+ [29] and Li+, which were took
from [27, 29].
Table 1: Short-range potentials parameters assumed to model pristine BGN crystal [29,
28, 27].
Shell model interactions
Shell-Shell interactions
Interaction A/eV ρ/A˚ C/eVA˚6
Ba2+− O2− 4818.4160 0.30670 0.00
Nb5+− O2− 1796.30 0.345980 0.00
O2−− O2− 25.41 0.69370 32.32
Core-Shell interactions
Ion k/eVA˚−2 Y/|e|
Ba2+ 34.05 1.83100
Nb5+ 1358.58 -4.49700
O2− 20.53 -2.51300
Rigid ion model interactions
Interaction A/eV ρ/A˚ C/eVA˚6
Gd3+− O2− 1204.60 0.334137 0.00
Eu3+− O2− 1156.72 0.337617 0.00
Li+− O2− 426.48 0.3000 0,00
We considered two possible interstitial positions to put each ion, intrin-
sic or extrinsic, in the pristine BGN crystal, namely: i1 = (
1
4
, 1
4
, 0) and
4
i2 = (
1
8
, 1
8
, 1
8
), as they are shown in Fig 1. The position i1 was in xy plane in
the square formed by the Nb and RE ions, while the position i2 was in the
diagonal between the Nb and RE ions. In the calculation, it was considered
the formation energy of the most probable interstitial position. The forma-
tion energies of the basic point defects (vacancies and interstitials), as well
as lattice energies, are given in Tables 2 and 3, respectively. We used the
Kro¨gerVink notation to label the defects.
Figure 1: Pseudocubic unit cell of BGN showing the positions i1 = (1
4
, 1
4
, 0) and i2 =
(1
8
, 1
8
, 1
8
) assumed as interstitial positions in this paper.
The basic defects that involve Nb5+ ions, i. e., Nb vacancies (V
′′′′′
Nb ), Nb
interstitials (Nb•••••i ) have higher absolute value of formation energies than
those involving other ions (Ba2+, Gd3+ and O2−). Besides, the more negative
the antisite defect charge is, the more positive is its formation energy (and
the opposite is also true). Such behaviours can be explained as follows:
each ion has a contribution for the (negative) net lattice energy, which is
mainly due to the electrostatic potential. The greater the modulus of its
charge, the greater this contribution. Furthermore, because of the energy
extensivity, by adding an ion to the crystal, the net lattice energy decreases;
by removing it, the net lattice energy increases. Therefore, by creating a Nb
vacancy, the contribution loss is greater than by creating any other vacancies,
resulting in a more positive net lattice energy; when a Nb interstitial is
created, the contribution gain is greater than that of any other interstitial.
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Table 2: Formation energy of basic defects in the pristine BGN crystal. i1 = (1
4
, 1
4
, 0) and
i2 = (1
8
, 1
8
, 1
8
)
Defect Energy /eV
Vacancies
V
′′
Ba 20.90
V
′′′
Gd 46.89
V
′′′′′
Nb 138.53
V ••O 16.34
Interstitials at i1 position
Ba••i1 -9.90
Gd•••i1 -33.55
Nb•••••i1 -109.34
O
′′
i1 -7.40
Li•i1 -6.48
Interstitials at i2 position
Ba••i2 -9.70
Gd•••i2 -31.87
Nb•••••i2 -106.28
O
′′
i2 -6.84
Li•i2 -5.31
Substitution energies in BGN
Nb••Gd -83.51
Nb•••Ba -92.45
Ba
′′′
Nb 116.45
Ba
′
Gd 25.62
Gd•Ba -20.62
Gd
′′
Nb 88.49
Eu•Ba -20.52
EuGd 0.15
Eu
′′
Nb 88.65
Li
′
Ba 12.90
Li
′′
Gd 36.89
Li
′′′′
Nb 127.41
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Table 3: Calculated lattice energies for the pristine BGN crystal and the start oxides.
Compound Elatt / eV
BGN -297.63
BaO -32.18
Gd2O3 -129.56
Nb2O5 -323.72
Li2O -30.51
Eu2O3 -129.28
As for antisites, when we replace an ion by another one with lower charge,
we reduce the contribution, increasing the net lattice energy. The opposite
is also true: more positively charged antisites must have a more negative
formation energy. That is also the reason why the antisite EuGd, whose
charge is null, has the lower energy of all. Thus, it is evident that our results
are in complete agreement to what one should expect for the basic defect
formation energies.
3.2. Eu3+ inclusion
As the Eu3+ ion is a trivalent lanthanide, it is expected it occupies sub-
stitutionally the Gd3+ site without charge compensation. However, all other
possible defect configurations cannot be discarded, i. e., the incorporation
into the Ba2+ and Nb5+ sites also need to be evaluated. It is important to
point out that the incorporation into the Ba2+ and Nb5+ sites generates more
than one possible defects due to different charge compensation mechanisms.
We listed all types of defects considered due to the Eu3+ inclusion in the
pristine BGN crystal and the charge compensation mechanisms associated
to them in Table 4. The results confirm that the most probable inclusion of
Eu3+ is into the Gd3+ site.
3.3. Li+ inclusion
Considering the BGN crystalline structure, the Li+ ion can be inserted
into the Ba2+, Gd3+, Nb5+ sites and in the most probable interstice (i1). For
all of them, there are more than one charge-compensating mechanism. We
listed all type of defects considered due to the Li+ inclusion into the pristine
BGN crystal and the charge compensation mechanisms associated to them
in Table 5. The solution energies (unbound) per defect are also shown.
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Table 4: Types of Defects considered due to the Eu3+ inclusions in the pritine BGN crystal
and solution energies by defect of each reaction in eV.
Site Charge compensation Reaction Energy
Gd3+ No charge compensation 1
2
Eu2O3 + Gd
x
Gd
→
(
Eux
Gd
)
+ 1
2
Gd2O3 0.01
Ba2+
Barium vacancies Eu2O3 + 3Ba
x
Ba
→
(
2Eu•
Ba
+ V ′′
Ba
)
+ 3BaO 4.20
Oxygen interstitial Eu2O3 + 2Ba
x
Ba
→
(
2Eu•
Ba
+ O′′
i
)
+ 2BaO 5.49
Gadolinium vacancies 3
2
Eu2O3 + 3Ba
x
Ba
+ Gdx
Gd
→
(
3Eu•
Ba
+ V ′′′
Gd
)
+ 3BaO + 1
2
Gd2O3 4.48
Niobium vacancies 5
2
Eu2O3 + 5Ba
x
Ba
+ Nbx
Nb
→
(
5Eu•
Ba
+ V ′′′′′
Nb
)
+ 5BaO + 1
2
Nb2O5 6.06
Anti-site
(
Ba′
Gd
)
1
2
Eu2O3 + Ba
x
Ba
+ Gdx
Gd
→
(
Eu•
Ba
+ Ba′
Gd
)
+ 1
2
Gd2O3 2.48
Anti-site
(
Gd′′
Nb
)
Eu2O3 + 2Ba
x
Ba
+ 1
2
Gd2O3 →
(
2Eu•
Ba
+ Gd′′
Nb
)
+ 2BaO + 1
2
Nb2O5 5.10
Anti-site
(
Ba′′′
Nb
)
3
2
Eu2O3 + 3Ba
x
Ba
+ Nbx
Nb
→
(
3Eu•
Ba
+ Ba′′′
Nb
)
+ 2BaO + 1
2
Nb2O5 5.65
Nb5+
Oxygen vacancies 1
2
Eu2O3 + OO + Nb
x
Nb
→
(
Eu′′
Nb
+ V ••
O
)
+ 1
2
Nb2O5 3.89
Barium interstitial 1
2
Eu2O3 + BaO + Nb
x
Nb
→
(
Eu′′
Nb
+ Ba••
i
)
+ 1
2
Nb2O5 6.95
Gadolinium interstitial 3
2
Eu2O3 + Gd2O3 + 3Nb
x
Nb
→
(
3Eu′′
Nb
+ 2Gd•••
i
)
+ 3
2
Nb2O5 7.35
Niobium interstitial 5
2
Eu2O3 + 5Nb
x
Nb
→
(
5Eu′′
Nb
+ 2Nb••••
i
)
+ 3
2
Nb2O5 8.88
Anti-site
(
(Gd•
Ba
)
1
2
Eu2O3 + 2Ba
x
Ba
+ Nbx
Nb
+ Gd2O3 →
(
5Eu′′
Nb
+ 2Gd•
Ba
)
+ 2BaO + 1
2
Nb2O5 5.13
Anti-site
(
(Nb••
Gd
)
1
2
Eu2O3 + Gd
x
Gd
+ Nbx
Nb
+ →
(
5Eu′′
Nb
+ Nb••
Gd
)
+ 1
2
Gd2O3 2.50
Anti-site
(
(Nb•••
Ba
)
3
2
Eu2O3 + Ba
x
Ba
+ 3Nbx
Nb
+ →
(
3Eu′′
Nb
+ 2Nb•••
Ba
)
+ 2BaO + 1
2
Nb2O5 9.75
Table 5: Types of Defects considered due to the Li+ inclusion in the pristine BGN crystal
and solution energies by defect of each reaction in eV.
Site Charge compensation Reaction Energy
Gd3+
Oxygen vacancies 1
2
Li2O + O
x
O
+ Gdx
Gd
→
(
Li′′
Gd
+ V ••
O
)
+ 1
2
Gd2O3 1.85
Barium interstitial 1
2
Li2O + BaO + Gd
x
Gd
→
(
Li′′
Gd
+ Ba••
i
)
+ 1
2
Gd2O3 4.82
Gadolinium interstitial 3
2
Li2O + 3Gd
x
Gd
→
(
3Li′′
Gd
+ 2Gd••
i
)
+ 3
2
Gd2O3 4.91
Niobium interstitial 5
2
Li2O + 5Gd
x
Gd
+ Nb2O5 →
(
5Li′′
Gd
+ 2Nb•••••
i
)
+ 5
2
Gd2O3 5.98
Anti-site
(
Gd•
Ba
)
1
2
Li2O +
1
2
Gd2O3 + 2Ba
x
Ba
+ Gdx
Gd
→
(
Li′′
Gd
+ 2Gd•
Ba
)
+ 2BaO 10.65
Anti-site
(
Nb••
Gd
)
1
2
Li2O + 2Gd
x
Gd
+ 1
2
Nb2O5 →
(
Li′′
Gd
+ Nb••
Gd
)
+ 1
2
Gd2O3 0.47
Anti-site
(
Nb•••
Ba
)
3
2
Li2O + 3Gd
x
Gd
+ 2Bax
Ba
+ Nb2O5 →
(
3Li′′
Gd
+ 2Nb•••
Ba
)
+ 2BaO + 3
2
Gd2O3 7.31
Ba2+
Oxygen vacancies Li2O + O
x
O
+ Bax
Ba
→
(
2Li′
Ba
+ V ••
O
)
+ 2BaO 2.76
Barium interstitial Li2O + 2Ba
x
Ba
→
(
Li′
Ba
+ Ba••
i
)
+ BaO 4.74
Gadolinium interstitial 1
2
Li2O + 3Ba
x
Ba
+ 1
2
Gd2O3 →
(
3Li′
Ba
+ Gd•••
i
)
+ 3BaO 4.79
Niobium interstitial 5
2
Li2O + 5Ba
x
Ba
+ 1
2
Nb2O5 →
(
5Li′
Ba
+ Nb•••••
i
)
+ 5BaO 5.40
Anti-site
(
Gd•
Ba
)
1
2
Li2O + 2Ba
x
Ba
+ 1
2
Gd2O3 →
(
Li′
Ba
+ Gd•
Ba
)
+ 2BaO 3.98
Anti-site
(
Nb••
Gd
)
Li2O + 2Ba
x
Ba
+ Gdx
Gd
+ 1
2
Nb2O5 →
(
2Li′
Ba
+ Nb••
Gd
)
+ 2BaO + 1
2
Gd2O3 1.84
Anti-site
(
Nb•••
Ba
)
3
2
Li2O + 4Ba
x
Ba
+ 1
2
Nb2O5 →
(
3Li′
Ba
+ Nb•••
Ba
)
+ 4BaO 2.48
Nb5+
Oxygen vacancies 1
2
Li2O2 + O
x
O
+ Nbx
Nb
→
(
Li′′′′
Nb
+ 2V ••
O
)
+ 1
2
Nb2O5 4.50
Barium interstitial 1
2
Li2O2 + BaO + NbNb →
(
Li′′′′
Nb
+ 2Ba••
i
)
+ 1
2
Nb2O5 8.46
Gadolinium interstitial 3
2
Li2O + 3Nb
x
Nb
+ 2Gd2O3 →
(
3Li′′′′
Nb
+ 4Gd•••
i
)
+ 3
2
Nb2O5 9.62
Niobium interstitial 5
2
Li2O + 5NbNb →
(
5Li′′′′
Nb
+ 4Nb•••••
i
)
+ 1
2
Nb2O5 12.68
Anti-site
(
Gd•
Ba
)
1
2
Li2O + 4Ba
x
Ba
+ 1
2
Gd2O3 →
(
Li′′′′
Nb
+ 4Gd•
Ba
)
+ 4BaO + 1
2
Nb2O5 5.74
Anti-site
(
Nb••
Gd
)
1
2
Li2O + Nb
x
Nb
+ 2Gdx
Gd
+ 1
2
Nb2O5 →
(
Li′′′′
Nb
+ 2Nb••
Gd
)
+ Gd2O3 2.65
Anti-site
(
Nb•••
Ba
)
3
2
Li2O + 3Nb
x
Nb
+ 4Bax
Ba
+ 1
2
Nb2O5 →
(
3Li′′′′
Nb
+ 4Nb•••
Ba
)
+ 4BaO 13.05
Interstitial
Barium vacancies Li2O + Ba
x
Ba
→
(
2Li•
i
+ V ′′
Ba
)
+ BaO 2.09
Oxygem interstitial Li2O →
(
2Li•
i
+ O′′
i
)
3.38
Gadolinium vacancies 3
2
Li2O + Gd
x
Gd
→
(
3Li•
i
+ V ′′′
Gd
)
+ 1
2
Gd2O3 2.11
Niobium vacancies 5
2
Li2O + Nb
x
Nb
→
(
5Li•
i
+ V ′′′′′
Nb
)
+ 1
2
Nb2O5 3.42
Anti-site
(
Ba
′
Gd
)
1
2
Li2O + BaO + Gd
x
Gd
→
(
Li•
i
+ Ba′
Gd
)
+ 1
2
Gd2O3 0.90
Anti-site
(
Gd
′′
Nb
)
Li2O +
1
2
Gd2O3 + Nb
x
Nb
→
(
2Li•
i
+ Gd′′
Nb
)
+ 1
2
Nb2O5 4.48
Anti-site
(
Ba
′′′
Nb
)
3
2
Li2O + BaO + Nb
x
Nb
→
(
3Li•
i
+ Ba′′′
Nb
)
+ 1
2
Nb2O5 3.27
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According to the results, there is an energetic preference for the Li+ in-
corporation into the Gd3+ site compensated by Nb••Gd antisite, whose solution
energy is 0.47 eV. The following energetic preferences are: the incorporation
into the interstitial site i1, compensated by Ba
′
Gd antisite , with a solution
energy of 0.90 eV; the Ba2+ site, compensated by Nb••Gd antisite, with a so-
lution energy of 1.84 eV; and into the Nb5+ site, compensated by oxygen
vacancies, with an energy of 1.85 eV.
It is important to point out that we calculated the bound solution en-
ergies. The unbound solution assumes that there is no interaction between
dopant and charge-compensating defect, while in the bound solution, the
calculations are carried out for a configuration consisting of the dopant and
charge-compensating defects in vicinity positions, meaning that the energies
include the contribution of the binding energy of the defect. The reason for
including the bound solution energies was to perform a careful analysis of the
relaxed configurations, which revealed the large distortions in the surround-
ing lattice caused by the Li+ co-dopant and the charge-compensating defect
required to keep the total charge neutral close to the Eu3+ ion. The pres-
ence of a charge-compensating defect near the active centre can change the
local symmetry of the active centre and, therefore, change the luminescence
efficiency of phosphors.
3.4. Simultaneous Eu3+ and Li+ inclusions
To explain how the Li+ co-doping enhances the luminescence efficiency of
BGN:Eu3+, as reported by Yu et al. [10], we calculated the incorporation of
Eu3+ and Li+ simultaneously into BGN crystal. According to Yu et al, Li+
co-doping helps to incorporate Eu3+ and Dy3+ into lattice sites by increas-
ing the crystallinity. We considered only those configurations more favorable
to incorporate the dopants and co-dopants in the BGN matrix, with basis
on the previous results showed in Tables 4 and 5. Besides, by considering
different charge compensation mechanisms, we also tested possible no sym-
metry configuration of dopant in the matrix. Thus, we considered the Eu3+
ion as dopant and the Li+ ion as co-dopant, and we assumed that there ex-
ists a binding energy among both and the charge compensation defect. The
reaction that describes these substitutions is:
1
2
Eu2O3 + 3GdGd +
1
2
Li2O +
1
2
Nb2O5 → (EuGd + Li
′′
Gd +Nb
••
Gd) +
1
2
Gd2O3
(3)
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For the bounded defect, the dopant, co-dopant and charge mechanism
can be arranged in six non-equivalent arrangements (C1 to C6), as it is
shown in Table 6, which also lists the calculated defect formation and solution
energies of the simultaneous Eu3+ and Li+ incorporations into the pristine
BGN crystal for each one of the six no equivalent arrangements. According
to the results there is a small difference between all configurations. The
C6 configuration exhibits the lower energy value, being the most probable
configuration.
Configuration Ion positions Formation energy / eV Solution energy / eV
C1 Eu → (0, 0, 0) Li → ( 1
2
, 0, 1
2
) Nb → (1, 0, 0) -47.42 0.00
C2 Eu → (1, 0, 0) Li → (0, 0, 0) Nb → ( 1
2
, 0, 1
2
) -47.35 0.02
C3 Eu → ( 1
2
, 0, 1
2
) Li → (1, 0, 0) Nb → (0, 0, 0) -47.44 -0.01
C4 Eu → (0, 0, 0) Li → ( 1
2
, 0, 1
2
) Nb → (1, 0, 1) -47.17 0.08
C5 Eu → (1, 0, 1) Li → (0, 0, 0) Nb → ( 1
2
, 0, 1
2
) -47.27 0.05
C6 Eu → ( 1
2
, 0, 1
2
) Li → (1, 0, 1) Nb → (0, 0, 0) -47.97 -0.19
Table 6: Possible arrangements of the dopant, co-dopant and charge compensation defect
in pristine BGN crystal and respective formation and solution energies.
As previously mentioned, the Li+ ion co-doping induces lattice distortions
in the BGN:Eu3+ crystal, and this distortion results in a different crystalline
field around the active ion. From the defect calculations we obtained the
relaxed positions of Li+ and Eu3+ ions and the respective surrounding lat-
tice ions. We used these positions as initial data to calculate the crystal
field parameters Bkq , which are shown in Table 7 for BGN:Eu
3+ pure and
Li co-doped. The Bkq parameters provide an unambiguous indication of the
local symmetry of the optically active centre in the material and helped to
explain the observed system optical activity. The change in local symmetry
around the Eu3+ ion is in agreement with the variation in the intensity of
the electric dipole and magnetic dipole transitions [31, 32]. For the non co-
doped BGN:Eu3+, vanishing Bk0 values indicate that the site occupied by the
Eu3+ ion has high symmetry. Thus, it is expected that the magnetic dipole
transition 5D0 →
7 F1 of Eu
3+ dominates the BGN:Eu3+ emission spectra,
which is in excellent agreement with the emission spectra reported by Yu et
al. [10].
In the BGN:Eu3+,Li+ crystal, all Bkq parameters have a non-zero value,
which indicates the Eu3+ site symmetry is rather low. The low symmetry is
caused by a large deformation resulting from the incorporation of Eu3+ into
the lattice, the presence of the Li+ co-dopant and the Nb••Gd antisite, all close
to the Eu3+ ion. This low symmetry implies that the co-doped crystal has
more effective luminescence emission than the pure BGN:Eu3+ crystal.
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The luminescence intensity ratio (R) of 5D0 →
7 F1 and
5D0 →
7 F2 tran-
sitions, also called asymmetry ratio, is widely used as an indication of the
degree of asymmetry in the vicinity of Eu3+ ions [33]. From a comparison of
the emission spectra of BGN:Eu3+ and BGN:Eu3+,Li+ crystals, reported by
Yu et al. [10], it was noted that the ratio R changed due to the Li+ co-doping.
The greater intensity ratio corresponds to a more distorted or asymmetric
Eu3+ site. In BGN:Eu3+ crystal, the asymmetry ratio R(∼2.44) is lower
than those for BGN:Eu3+,Li+ R (∼4.06), suggesting that the symmetry of
the Eu3+ in co-doped BGN:Eu3+,Li+ crystals is higher than in BGN:Eu3+.
The Bkq parameters, showed in Table 7 confirm a decreasing of local symme-
try of Eu3+ ion caused by Li+ incorporation.
Table 7: Bkq values for Eu
3+ calculated with basis on the relaxed lattice of doped
BGN:Eu3+.
Bkq
BGN:Eu3+ BGN:Eu3+,Li+
B20 0 -51.17
B21 0 -1.03
B22 0 -62.67
B40 3058.14 2922.39
B41 0 -0.91
B42 0 75.64
B43 0 -2.42
B44 1292.30 1275.37
B60 609.85 538.00
B61 0 -11.64
B62 0 -29.41
B63 0 5.08
B64 -1140.93 -1092.43
B65 0 -2.66
B66 0 -43.62
Table 8 shows the energy transition predicted for the Eu3+ ion in BGN:Eu3+
and BGN:Eu3+,Li+ crystals, using the crystal field parameters (Bkq values)
from Table 7. The experimental data are also shown for comparison. It is
important to point out that the calculated values are predictions using only
the Bkq values obtained with the relaxed lattice surrounding the dopant, with-
out any necessary previous knowledge of the spectra of the real system. The
percentage difference between the predicted and the experimental results for
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the 5D0 →
7 F1 and
5D0 →
7 F2 transition energies are lower than 3% for both
crystals, which shows the reliability of this method to perform this kind of cal-
culation. Another important aspect is the comparison between total splitting
of the 5D0 →
7 Fj(j = 1, 2, 3) transitions in BGN:Eu
3+ and BGN:Eu3+,Li+.
The total splitting in 5D0 →
7 F1 in the BGN:Eu
3+ is predicted to be 0.1
nm, while in the BGN:Eu3+,Li+ is 1.7 nm. On the other hand, the predicted
total splitting of the 5D0 →
7 F2 transitions is 11.4 nm in the BGN:Eu
3+
crystal, almost the same to that calculated in Li+ co-doped, whose splitting
is 12.0 nm. The predicted total splitting of the 5D0 →
7 F3 transitions is 10.4
nm and 9.3 nm in in the BGN:Eu3+ crystal and Li+ co-doped, respectively.
In general, it is usually observed an increasing of total splitting in the Li+
co-doped crystal. The Li+ ion incorporation into BGN:Eu3+ crystals also
subtly influences the energy level shift and splitting of Eu3+ ion, as can be
observed in Table 8. Similar results were obtained for ZnS:Tm3+,Li+ [34].
Table 8: Transition Energies of Eu3+ in the BGN:Eu3+ and BGN:Eu3+,Li+ crystals.
BGN:Eu3+ BGN:Eu3+,Li+
Transition Energy Exp. (nm) Energy Cal. (nm) Energy Cal. (nm)
5D0 →
7 F0 - 565.8 565.9
5D0 →
7 F1
577.5 577.2
593 577.6 577.3
578.5
5D0 →
7 F2
592.7 592.9
613 594.1 594.7
640 602.2 603.0
604.1 603.2
604.9
5D0 →
7 F3
631.4
631.2 635.2
635.7 636.6
656 636.4 637.1
640.2 639.2
641.6 640.7
641.3
Additionally, the creation of Nb••Gd defects needed to compensate the
charge due to the Li+ incorporation also could effectively promote the crys-
tallinity leading to higher oscillating strengths for the optical transitions
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[5, 35]. Nb••Gd defects also might act as a sensitizer for the effective energy
transfer due to the strong mixing of charge transfer states and, therefore, the
enhanced Eu3+ emission intensity. The charge compensation defects, gener-
ated by the Li+ incorporation, positively could be related to the morphology
and grain size change of particles in BGN:Eu3+,Li+ crystals as reported by
Yu et al. work [10].
4. Conclusions
We successfully modeled the defects induced by Eu3+ and Li+ dopants
in Ba2GdNbO6 perovskite. The calculations indicate that the Eu
3+ and Li+
ions preferentially are included into the Gd site, being the Li+ incorpora-
tion compensated by the Nb••Gd antisite. The crystal field parameters B
k
q
and the transition energies were calculated for Eu3+ in the BGN:Eu3+ and
BGN:Eu3+,Li+ crystals. In the BGN:Eu, a vanishing B20 value indicates that
the site occupied by the Eu3+ ion is an inversion centre. In the other hand,
in the BGN:Eu3+,Li+ are observed the non-zero values of Bkq , which suggest
a low symmetry site. An excellent agreement between the predicted and
experimental values of the transition energies was obtained showing the reli-
ability of method used, as well as explaining the enhancement mechanism of
the luminescence properties in BGN:Eu3+ by Li+ co-doping.
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